This study investigated wild caught Striped mullet (Mugil cephalus) at Merritt Island 2 National Wildlife Refuge (MINWR) for levels of 15 perfluoroalkyl acids (PFAAs) in tandem with 3 fecundity measurements (n = 42) and oocyte developmental stages (n = 128). PFAAs 4 measurements were undertaken for liver (n = 128), muscle (n = 49), and gonad (n = 10). No 5 significant negative impacts of liver PFAA burden on wild-caught, mullet fecundity endpoints are 6 observed in this study; however, changes in PFAAs are seen in the liver as mullet progress through 7 different sub-stages of oocyte development. Of the PFAAs with significant changes by sub-stage 8 of oocyte development, the carboxylic acids (perfluorooctanoic acid, perfluorononanoic acid, and 9 perfluorotridecanoic acid) increase in the liver with increasing sub-stage while the sulfonic acid 10 and its precursor (perfluorooctanesulfonic acid (PFOS) and perfluorooctanesulfonamide, 11 respectively) decrease in the liver with increasing stage of oocyte development. This is a unique 12 find and suggests PFAAs change location of compartmentalization as mullet progress towards 13 spawning. Investigations also revealed higher than expected median muscle and gonad levels of 14 PFOS in Striped mullet collected at MINWR (9.01 ng/g and 80.2 ng/g, respectively). 15
Chemicals
). Mullet captured in this study fell into three stages: Stage 2: Developing (n = 84), Stage 1 4: Atretic or spent (n = 2), and Stage 5: Inactive or resting (n = 42). Stage 2 encompasses a wide 2 range of developing oocytes sizes and vitellogenic stages and therefore was separated into sub-3 stages for analysis: 2-early, 2-mid, and, 2-late ( 
11
The fixed right gonad lobe was patted dry and re-weighed. The ovarian lobe was sampled 12 three times creating three sub-samples for each mullet in the study: one at the posterior, one in the 13 middle, and one at the anterior portion of the gonad. Three sub-samples were taken to account for 14 any differential oocyte density throughout the ovarian lobe (McDonough et al., 2003) . These sub-15 samples were preserved in 70 % isopropanol until oocyte counts could be conducted. Sub-sample 16 weights ranged from 0.011 g to 0.031 g. The sub-samples from each specimen were then teased 17 apart, spread along a Bogorov tray, and counted using a dissecting microscope at 10X 18 magnification. Each sub-sample was counted twice and averaged. If counts varied greater than 10 19 %, a third count was performed. Oocyte density was calculated by dividing the mean number of 20 oocytes by the mean weight of all three sub-samples for each mullet. The oocyte density was then 21 used to calculate the total oocyte number for each ovary through expansion estimates using the 2.6. Aging 1 Age was determined using the sagittal otoliths. After being embedded in epoxy resin, a 0.5-2 mm traverse section was cut with a low speed saw with diamond wafering blades. The thin section 3 of the otolith was viewed at 20Χ magnification. The number of annular rings present were recorded 4 as a proxy for age. Corp.). Parametric tests were used when data was normally or log-normally distributed and non-8 parametric tests were employed when data was non-normal. Statistical tests were performed for 9 any PFAA that was detected in 75 % or more of samples measured for a tissue type (muscle, liver, Female mullet collected at MINWR during October and December varied in total length 19 from 30.9 cm to 51.8 cm with a normal distribution and a mean of 42.1 cm total length. Mullet 20 collected in December (n = 45) were significantly longer than mullet collected in October (n = 83) Figure S5 ). All mullet in sub-stage 2 late (n = 42) used for fecundity measurements were collected 1 in December 2016. The age of collected mullet ranged from 1 to 6 years of age and did not differ 2 significantly by month of collection (Mann Whitney U, p =0.126) (SI, Figure S6 ). As has been 3 seen by McDonough and colleagues, total length and fish weight were highly correlated for female 4 Striped mullet (p < 0.001, r = 0.959, n = 128) (SI, Figure S7 ) (McDonough, 2003 (McDonough, , 2005 . Table 4 ). Mullet collected from the SLF consistently fell into stricter consumption 1 categories compared to BR mullet. This follows logically with the significantly higher PFOS in 2 SLF mullet muscle compared to BR mullet muscle. For the most part, mullet inside the SLF cannot 3 make it to the BR except in the event of extreme flooding events which occur infrequently. No 4 mullet collected from either the SLF or BR at MINWR fell into the "Do Not Eat" category. One 5 interesting note, there is no 'no limit' category at the low end of PFOS muscle burden. The FCSV 6 states this is due to 7 "the still emerging information on health effects from PFOS exposure, and 8 background exposure to the general population, and potential health effects from 9 exposure to multiple [perfluorinated substances]." 10 Like mullet muscle, female mullet gonads, also known as mullet roe, are consumed by 11 humans. Therefore, human exposure to PFAAs through roe consumption should be investigated, 12 especially since mullet gonad contains higher levels of PFOS than mullet muscle ( Table 2) . No 13 consumption advisories have been created for mullet roe due to the lack of knowledge on 14 prevalence and portion size of mullet roe consumption. Since a roe consumption advisory does not 15 exist, this study compared roe PFOS levels for the 10 gonads measured in this study to the 16 Michigan FCSV for fish muscle. The comparison revealed that even among the 10 mullet gonad 17 measured from BR in this study, one fell into the category six meals per year (Figure ) . This would 18 indicate that even mullet collected from the BR, have levels of PFAA in their roe that is a concern 19 when it comes to consumption. No significant correlation between PFOS in the gonad and PFOS 20 in the liver were found, therefore, in order to estimate the levels of PFOS in the remaining collected 21 mullet roe, further chemical extraction and analysis of mullet gonad from BR and SLF is required. 1 muscle and gonad (known as mullet roe) samples did fall within restriction levels ranging from 2 between "16 meals a month" to only "1 meals a month." Fish from the higher restriction categories 3 came from the SLF sampling area and are highly unlikely to reach commercial fisheries due to 4 entrapment in the SLF compound.
5
This study also reveals changes in PFAAs in the liver (a key organ in vitellogenesis) as 6 mullet progress through different sub-stages of oocyte development. Of the PFAAs with 7 significant changes by sub-stage, the carboxylic acids (PFOA, PFNA, and PFTRiA) increase in 8 the liver with increasing sub-stage of oocyte development while the sulfonic acid and its precursor 9 (PFOS and PFOSA, respectively) decrease in the liver with increasing stage of oocyte 10 development. This is a unique find and suggests PFAAs change location of compartmentalization 11 as mullet progress towards spawning. This is likely due to changes in abundance and location of 12 various proteins that have affinity for various PFAAs.
13
In addition, this study found an increase in PFAAs with increasing eggs (fecundity), 14 however, increasing PFAAs is not directly related to increasing fecundity of the mullet. The 15 mullets' diet represents a confounder variable in the study that cannot be removed without a more 16 controlled experiment. Therefore, unlike some laboratory studies, no significant negative impacts Developing oocytes are generally greater than 120 µm and smaller than 200 µm. Cortical alveoli are present but oocytes are still mostly pre-vitellogenic.
mid
Developing oocytes begin early stages of vitellogenesis ranging in size from 200 µm to 400 µm. Heterogeneous size structure of oocytes is common in this sub-stage. Nucleus is still visible.
late
Developing oocytes are all consistent in size and are in the late stages of vitellogenesis. At this sub-stage, oocytes are all at least 400 µm or larger in size, and nuclear migration to the pole has occurred. .615** ** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed).
Results from Pearson's for log normal data
and percent of striped mullet that fall within each consumption class for all measured mullet 3 muscle, SLF muscle, and BR muscle. Table S3 . Interaction term p-values, parameter estimates, and standards for generalized linear 15 regression model created to assess the relationship between sub-stage and liver PFAAs. 
